Abstract Neurofibromatosis type 1 (NF1) is a neurocutaneous genetic disorder that can be associated with severe complications, and it may shorten patients' lifespan and affect their quality of life negatively. This study aimed to examine quality of life constructs among adults with NF1 in Brazil. It is an exploratory, descriptive and cross-sectional study consisting of two stages, involving thirteen adult patients with NF1. The first stage was developed using a quantitative methodology, namely the WHOQOL-100 questionnaire; responses for the 13 patients were compared to a matched control group. The second stage comprised clinical-qualitative research whereby participants took part in a semi-structured interview; these data were analyzed using the categorical thematic analysis technique. There were no statistically significant differences in the questionnaire domains between the NF1 patients and the control subjects. Eighteen main themes were extracted from the interviews, showing interference of the NF1 visibility principally in psychological aspects and social relationships. Patients mentioned curiosity about NF1 and confusion about the distinctions between NF1 and contagious diseases, which lead to prejudice. They were concerned about the future and how the disease would develop in themselves and their offspring, and emphasized difficulties acquiring proper healthcare. These findings may help in planning healthcare for Brazilian NF1 patients and improving their quality of life.
Introduction
Neurofibromatosis type 1 (NF1: OMIM 162200) is a clinically heterogeneous, neurocutaneous, genetic disorder characterized by café-au-lait spots, iris hamartomas, axillary and inguinal freckling and multiple neurofibromas. Prevalence is reported to be 1/3,000 live births, regardless of ethnicity, race and gender. It is frequently caused by mutations in the NF1 gene (17q11.2), a tumor suppressor gene, and rarely (only 5 %) by 17q11 microdeletion (Legius 2014) . It is inherited in an autosomal dominant pattern, and half of the affected individuals have the disease as a result of a de novo NF1 mutation. Penetrance is 100 %, but disease manifestations vary widely, even within the same family, complicating genetic counseling (Friedman 2014) .
Formal diagnostic criteria of NF1 were established in 1987 by the National Institutes of Health Consensus Development Conference (NIH 1988) . Multiple café-au-lait macules are found in almost all patients (some at birth and most before the first year). Intertriginous freckling develops when patients are 5 years old. Multiple cutaneous and subcutaneous neurofibromas develop in adults. In older patients, they continue to increase in number and size but do not become malignant. Plexiform neurofibromas, congenital in origin, may cause disfigurement, pain and functional problems and may become malignant later in life. Ocular manifestations include optic pathway gliomas and iris hamartomas (Lisch nodules). Other Electronic supplementary material The online version of this article (doi:10.1007/s10897-016-9939-8) contains supplementary material, which is available to authorized users.
features include bone deformities, such as scoliosis, congenital pseudoarthrosis and bone dysplasia of tibia, hypertension, vasculopathy, intracranial tumors and occasionally seizures or hydrocephalus. Intellectual development is usually not severely affected, but cognitive deficits and learning difficulties are frequent. The overall risk of cancer is higher than in the general population. The patients have a 10-12 % lifetime risk of developing a malignant peripheral nerve sheath tumor, that mostly occurs when the patient is between 20-40 years old, and generally has a poor prognosis (Friedman 2014; Legius 2014) . There is also an increased risk of breast cancer before the age of 50 (Sharif et al. 2007) .
Disease management requires annual physical examinations by a physician familiar with the disorder, annual eye examinations for children (less frequent in adults), regular developmental assessment of children and regular blood pressure monitoring. Specific cardiovascular, ocular, neurological and orthopedic manifestations should be treated by corresponding specialists. Cutaneous or subcutaneous neurofibromas can be excised surgically, but this is not always an effective treatment. Plexiform neurofibromas are far more difficult to treat because they can extend into surrounding structures and can be very large, making it difficult to completely remove them. Malignancy and vascular disease are the most common causes of early demise (Hirbe and Gutmann 2014) .
Previous investigations have demonstrated that NF1 interferes negatively with the quality of life of patients (Cohen et al. 2015; Merker et al. 2014; Oates et al. 2013; Vranceanu et al. 2013 Vranceanu et al. , 2015 . A study conducted in the UK showed psychosocial effects of NF1 at different stages of patients' lives that may have contributed to later problems when pursuing their career, as well as to confidence issues in relationships. Furthermore, patients' knowledge about the clinical features and genetic aspects of NF1 was poor, and it had influenced their reproductive decisions (Benjamin et al. 1993) . A systematic review identified seven studies addressing the quality of life (QoL) in patients with NF1, published between 2001 and 2013. These studies were conducted using different methodologies and, although the diversity of instruments used to measure QoL makes it difficult to compare results, most studies reported that patients with NF1 have lower QoL scores when compared to the general population. Disease visibility and severity were strong predictors of skinspecific QoL in NF1 patients. However, most other findings regarding QoL predictors were weak or inconclusive (Vranceanu et al. 2013 ).
Purpose of the Study
We have not identified other studies in the literature which investigated QoL in patients with NF1 in developing countries, such as Brazil. For this reason, the main purpose of our study was to examine QoL constructs among adults with NF1 in Brazil. The specific aims of this review were: (1) to identify QoL aspects that are adversely affected in a sample of Brazilian adults with NF1, and (2) to identify potential QoL predictors in this population.
Methods Study Design and Participants
This is an exploratory, descriptive and cross-sectional study, which has two stages. The first stage was developed using a quantitative methodology and the data collection was accomplished by administering the WHOQOL-100 questionnaire. The second stage comprised clinical-qualitative research (Campos and Turato 2009) and the data were collected from individual semi-structured interviews.
The project was approved by the Human Research Ethics Committee at the Federal University of São Carlos (process 469,133) and all participants provided a written informed consent.
For the clinical assessment, the first author examined patients regularly using two standardized scales: (1) the Ablon scale to evaluate visibility (Ablon 1996) and (2) the Riccardi scale to assess severity (Riccardi and Kleiner 1977) . Both scales are described in Table 1 .
The study sample was defined by convenience and consisted of 13 NF1 patients (8 women and 5 men) ranging in age from 18 to 64 years (mean = 39.3 years, SD ± 17 years) who were attended and followed up in a Medical Genetics Clinic at the Federal University of São Carlos, São Paulo, Brazil. Patients under 18 years of age were excluded. We tried to include participants without cognitive deficits or learning disabilities, and who were able to express themselves verbally in order to sustain an in-depth interview. To assess this, we evaluated some aspects of adaptive functioning (autonomy, communication, personal care and educational skills). We invited 14 patients, and 13 agreed to participate and share their views on the experience of having NF1.
A control group consisting of 39 individuals without NF1 that matched patients on sex, age, level of education and family i ncom e was included in this study (case:control ratios of 1:3) to better understand the data obtained from the WHOQOL-100 questionnaire. The control subjects were selected from among the patients' neighbors, with the help of the Family Healthcare Teams; 43 individuals were invited and 39 agreed to participate. The mean age of the control group was 39.1 years (SD ± 17 years). Table 2 presents the sociodemographic and clinical characteristics of the patient participants and the controls.
Quantitative Research
The WHOQOL-100 questionnaire was administered to the patients (n = 13) and controls (n = 39). The WHOQOL-100 questionnaire is a multidimensional, multilingual assessment of subjective QoL, developed for cross-cultural use through international collaboration, and it was previously validated for the Portuguese language (Fleck et al. 1999) . The questionnaire is self-administered. However, for 4 patients and 4 controls, it was administered by interview due to personal incapacity (functional illiteracy or an impairing medical condition -the patient could not read without his glasses and did not have them during the study). While filling in the questionnaire, WHO recommendations concerning privacy were observed and the interviewer (one of the researchers) did not influence the participant in any matters.
The WHOQOL-100 questionnaire consists of 100 questions assessing six domains: physical, psychological, level of independence, social relationships, environment and spirituality/religion/personal beliefs. These domains are divided into 24 facets and each facet consists of four questions. In addition to these 24 facets, the instrument has a 25th facet called a "global score", made up of four general questions concerning QoL: (1) How would you rate your quality of life? (2) How satisfied are you with your quality of life? (3) In general, how satisfied are you with your life? (4) How satisfied are you with your health?
Responses to the WHOQOL-100 questionnaire were rated using a five-point Likert type scale, and were recorded using Microsoft Excel software with the syntax commands suggested by the WHOQOL-100 manual (WHOQOL Group 1998). As developers of the WHOQOL-100 do not state that a single overall score for QoL can be used (representing the sum of all the domains assessed in the questionnaire), a separate score was calculated for each of the six domains and also to the global score. Thus, the minimum value for each domain is zero and the maximum value is 100, with higher scores indicating better QoL.
The results of the WHOQOL-100 questionnaire were presented as a mean ± standard error of the mean (SEM). The statistical significance of differences between controls and patients were determined using the Mann Whitney nonparametric test. The significance level was 5 %.
Clinical-Qualitative Research
Data collection for the qualitative research phase was carried out using individual semi-structured interviews (Fontanella et al. 2006 ) conducted with patients after they had completed the WHOQOL-100 questionnaire. All interviews were conducted by a graduate medical student (NPB) previously trained for this task. Patients were interviewed according to a pre-established protocol, which can be seen in Table 3 .
The trigger question was: "What is it like for you to have Neurofibromatosis type 1?". Further questions were Ablon 1996; Riccardi and Kleiner 1977 proposed during the interview with lexical adaptation to the patients' conceptual universe. This approach of proposing questions, with no time limit for answers and comments, supposedly led to further expressions of personal meanings. The audio of the interviews, which lasted from 14:42 to 33:59 min (21:19 average, SD ± 5:8 min), was recorded on digital files by the researchers. In addition, interviews were fully transcribed. Recorded and written data comprised the clinical-qualitative research corpus.
A categorical thematic analysis technique, proposed by Bardin in 1977 , was adopted to analyze interview transcripts (Bardin 2011) . We defined six apriori categories, directly corresponding to the six WHOQOL-100 domains. Operationally, to analyze the interviews, the written material was reorganized and separated into each pre-established category; the categories were broken down into themes, according to the identity of meaning statements.
To decrease potential biases and increase the credibility of the results, the interviews initially were analyzed independently and individually by the first, fourth, and fifth authors. Next they met to discuss convergent and divergent aspects of their analyses in order to determine the final thematic categorization that best represented the results. Themes were examined and discussed using background literature and the clinical experience of the authors, in order to employ a comprehensive and interpretative approach to analysis of the results. Dynamic analysis of the data from the interviews led to finding theoretical saturation (Fontanella et al. 2008 (Fontanella et al. , 2011 , as there were no more new issues emerging from the interviews, data collection stopped at that point. 
Results

Responses to the WHOQOL-100
Analysis of responses to the WHOQOL-100 questionnaire revealed that for both the NF1 patients and the control subjects, the lowest QoL scores were for the physical and environmental domains. The highest rated domains were social relationships and spirituality/religion/personal beliefs for patients with NF1, and level of independence and spirituality/ religion/personal beliefs for the control group. These results are presented in Table 4 . There were no statistically significant differences between the results obtained for patients versus controls. Individual results for the 13 patients can be found in the two tables in the supplementary material.
NF1 Patients' Perceptions Concerning Their Illness and Lifetime Experiences
Data analysis of the interviews resulted in a list of 67 different themes grouped into six categories. For further interpretation and synthesis, 18 main themes, presented in Table 5 , were selected based on their prevalence (frequencies). The main themes extracted during analysis of the interviews revealed interference of NF1 mainly in psychological aspects, social relationships and environment. However, all the QoL dimensions were affected in the patients with NF1.
Physical Dimension
The most significant issue related to the physical domain was the fact that NF1 causes pain, reducing vitality.
So far, my spine was the only thing affected… Some pain, because it attacks all sorts of nerves. But mainly my spine. My spine really hurts. (female 45, severe visibility, moderate severity)
Psychological Dimension
Some patients expressed negative feelings (shame, discomfort and awkwardness) about having NF1, using clothing and accessories as a subterfuge to hide neurofibromas and cafe-aulait spots.
I can't wear a low-cut shirt, because it would show (neurofibromas), it makes me embarrassed. Can you imagine me wearing a low-cut shirt with all these tiny bumps? People staring? It's annoying. (female 64, moderate visibility, moderate severity) Many patients relativized the situation as a defense mechanism, comparing themselves to individuals with more severe phenotypes.
I know people that have it worse than me. It looks like a Jackfruit. So ugly! (female 64, moderate visibility, moderate severity)
We noted, in patients' speech, concerns about the development of NF1 both in themselves and their children. Another frequently discussed issue was the concern about genetic counseling and the risk of recurrence (an affected parent was worried about his son who already has or may have NF1).
I do not know, sometimes I think about adopting a child rather than giving birth. I think I suffered so much and my son is at risk of suffering too. I know the chance is 50 %, but if this 50 % happens to him? So I plan to adopt a child. (female 31, moderate visibility, mild severity)
Level of Independence
NF1 limited job opportunities and affected the professional life of some participants in our research, either in terms of prejudice or as a result of the medical consequences of the disease.
You end up being an animal, because people are afraid of getting close, so people won't hire you to work. (female 36, moderate visibility, mild severity)
Social Relationships
Curiosity from strangers was a theme in every interview and we noticed a recurrence of this topic various times during the interviews. Participants reported embarrassing moments related to curiosity, experienced in different contexts, such as public transportation, school and work. We realized that patients deal with curiosity in different ways, and for some of them it is very painful.
They ask on the bus, they stare at us on the bus. "What's that on your face? What's that on your arm?" Sometimes when I get mad, I get my bag and I feel like hitting them with it. (female 64, moderate visibility, moderate severity) People ask "What's that?" And things like that. I tell them that it is hereditary, and it is called neurofibromatosis. End of conversation.(male 63, moderate visibility, severe severity) Another issue that appeared in almost every interview was the confusion between NF1 and contagious diseases, which was closely linked to reports of prejudice and social exclusion. There's a lot of prejudice. People condemn you for having neurofibromatosis, as they do for you being black… Oh! It influences you a lot. (female 36, moderate visibility, mild severity) Despite the curiosity, confusion with contagious diseases and prejudice, the participants of our study maintain a network of social support.
The affection of my family, my friends… I realize that they are very fond of me. They don't despise me, they are always by my side, talking to me, asking if I'm okay. If I hang out with them, they don't leave me out, they're 
Environment
In our study, the healthcare offered to patients with NF1 seemed inadequate. Patients emphasized medical ignorance about NF1 and difficulties acquiring proper healthcare for NF1. Generally, there was dissatisfaction with the healthcare and this resulted in poorer QoL.
When I was a teenager, most doctors didn't even know what neurofibromatosis was. We were practically giving the information to them. They used to get a book and browse through it until they found it. (female 31, moderate visibility, mild severity)
One of the health needs that patients emphasized most was the desire for neurofibromas resection, a palliative procedure that is considered a relief for the suffering related to aesthetic appearance.
If I can, I will remove the neurofibromas, because doing so lifts my spirits. When I can and when I find a doctor who wants to remove them, then I'll get rid of them. (female 63, moderate visibility, mild severity) Participants referred not only to a lack of information about NF1 among physicians, but also to a lack of information about NF1 for patients and the general population. Patients see providing information as an intervention that possibly improves QoL, reducing psychosocial damage from the disease and reducing prejudice.
Everyone lacks information. From researchers to doctors, and the general population. In health centers, there are those posters of Hansen disease, diabetes. Why are there none about neurofibromatosis? The Health Department needs to make a leaflet. Start distributing it to schools… There's a great lack of information. (male 34, severe visibility, moderate severity) Spirituality/Religion/Personal/Beliefs Given the situation of having an incurable genetic disease, many patients noted using religion as support. One of the issues related to this domain is faith in divine providence, reinforcing the idea of a metaphysical force that shapes destinies, as if NF1 were part of one's pre-destination. The same God who determines the existence of NF1 also has, in the patient's belief, the power to cure the disease.
I ask God for help. People at the church have already prayed for me a lot. They prayed to see if it will go away. I pray to God in heaven because God is the doctor of the doctors. I have a lot of faith. (female 64, moderate visibility, moderate severity)
Discussion
To the best of our knowledge, there are no other studies similar to ours in the literature, which investigated the QoL in patients with NF1 using the WHOQOL-100 questionnaire as its basis. Our study did not show significant differences in the WHOQOL-100 questionnaire results between the NF1 patients and the control subjects, yet the qualitative data indicated otherwise. One possible explanation for this result is the small sample size for the patient group. However, previous research conducted with 58 children with NF1 showed that they tended to overestimate their abilities and their selfperception tended to be unrealistically positive (Krab et al. 2009 ). Likewise, a 12 year follow-up study with 48 adults who have NF1 suggested that their positive self perception may be some sort of psychological compensatory mechanism that is protective of their self esteem (Zöller and Rembeck 1999) . Therefore, it is possible that the WHOQOL-100 measures a more superficial self-perception, while the interviews reveal more realistic, nuanced, and significant issues.
In a recent qualitative study carried out in Australia (Crawford et al. 2015) , 60 60 adults with NF1 identified aspects of the condition that bothered them the most. Based on their responses, the researchers created a hierarchy of NF1 concerns. The five major concerns were: (1) cosmetic disease burden, (2) learning difficulties, (3) concerns about the risk of passing NF1 to offspring, (4) uncertain disease progression, and (5) pain. These results are similar to the present results and reflect many of the themes we found in the clinical-qualitative phase of our research.
In the following sections we discuss three important aspects, which should be considered when examining the QoL of adult patients with NF1, and which should help implement appropriate healthcare measures.
Relationship between NF1 visibility and QoL
Our results suggest that there is a relationship between NF1 visibility and impaired QoL psychological dimension. This relationship has been suggested in other studies (Kodra et al. 2009; Page et al. 2006; Wolkenstein et al. 2003) .
A German cross-sectional survey ) showed that participants with NF1 had a negative body image, and, compared with other disfiguring diseases (psoriasis and anorexia), they felt less attractive, were less self-confident and were more insecure/uneasy and more sexually dissatisfied with their bodies. This study also revealed that body image was an important link between disease visibility and psychological well-being, and also found that the patient's body image could be improved with psychotherapeutic interventions.
NF1 represents a disruption in the patient's self-image and lifestyle. Patients with NF1, and who had visible external tumors that may be cosmetically disfiguring may suffer stigma and social exclusion (Vranceanu et al. 2013 ). They may become self conscious and isolate themselves, leading to an array of mental health problems (Vranceanu et al. 2013 (Vranceanu et al. , 2014 . In fact, it is estimated that patients with NF1 have an increased risk of psychiatric morbidity (Wang et al. 2012; Zöller and Rembeck 1999) and they should be routinely screened for depression because it is likely that effective depression treatment could significantly enhance their QoL (Cohen et al. 2015) . In the absence of a medical cure for NF1, psychosocial mind-body interventions to help patients adjust to their condition and increase their resilience are also pivotal in improving the QoL for this population (Vranceanu et al. 2013 (Vranceanu et al. , 2014 .
Positive self-perception can help patients overcome negative experiences and help them cope with the disease. Many participants in our study used relativization mechanisms by comparing themselves to other individuals with NF1 and more severe phenotypes. In this regard, it should be taken into consideration that personal experiences and perceptions individuals with NF1 are not always directly related to objective aspect of the disease, such as visibility and severity (Cerello et al. 2013) .
The role of NF1 visibility in the QoL of patients may also be inferred from the importance given by the present participants to the resection of neurofibromas. This was one of the most frequent topics in the interviews. While reducing malformations are a priority in patients with NF1, repeated medical procedures are, in themselves, stressful and limited. Often, a new tumor appears where one has been removed, particularly if that tumor was not removed completely. Therefore, in many situations, the risk of surgical complications outweighs the potential benefits of tumor excision (Vranceanu et al. 2013) .
Interestingly, although serious and intractable complications were associated with NF1, the patients' priority was cosmetic correction. Qualitative research developed in Brazil with 28 individuals who had NF1 also found that neurofibromas have a great impact on their physical appearance, affecting the patient's standards of "normality" (Cerello et al. 2013) . Thus, resection of neurofibromas is interpreted as a procedure that surpasses esthetic and medical aspects because it entails identity issues (Cerello et al. 2013) . Accordingly, some authors suggest that reducing deformity with dermatological and/or plastic surgery should not be neglected by physicians (Wolkenstein et al. 2001 ).
Inadequate Healthcare
Managing NF1 inadequately can harm the patient both emotionally and physically, and, in our results, pain appeared to affect patients QoL. Present-day research, conducted in the USA with 59 children and adolescents with NF1, showed that pain affected the daily functioning for most, including those regularly taking pain medication (Wolters et al. 2015) . In the aforementioned research, disease complications, pain intensity and social and emotional problems were related and predicted overall QoL.
An Australian study by Oates et al. (2013) consisted of interviewing and examining 17 young adults with NF1. The researchers found that most of their participants had not been assessed for NF1-related complications within the previous 8 years, including some with known serious vascular complications. Acute and/or chronic pain, particularly in the back, and plexiform-related pain were common symptoms, and despite a significant impact on QoL were not treated in most instances. Imaging studies revealed serious complications in 41 % of the sample. Only a few study participants had a good understanding of NF1, its associated risks and complications, and many had not sought appropriate medical advice regarding health questions or problems. These researchers concluded that NF1-related cognitive deficits in some participants and the lack of a clear source of expert medical advice for adults with NF1 likely contributed to poor health surveillance and management. Overall, these findings suggest that Australian adults with NF1 may be at risk of serious and life-threatening medical complications, but do not access and receive adequate healthcare. We believe this is also the situation in Brazil.
Our results showed that many of the patients interviewed did not have sufficient knowledge about NF1, and some were unaware that the disease is associated with increased predisposition to malignant tumors. Similar results were found in a UK study, conducted with 81 patients (Benjamin et al. 1993) . In that study, overall knowledge of the major clinical features of NF1 was good, and 76 % of the participants were aware that NF1 could be progressive. However, information regarding specific NF1 complications was poor and tended to be limited to the family's own experience, or how much information they had received from the genetic counseling service or the patient support organization.
It is postulated that generally medical care for adults with NF1 is much less well-coordinated than it is for children (Langenbruch et al. 2011) and, in countries such as the USA, people no longer have health insurance due to unemployment in adulthood, further limiting access to adequate screening and medical expertise. Indeed, it is believed that these issues contribute to the lower life expectancy of NF1 patients (Rasmussen et al. 2001) .
High-quality medical care for a rare disease such as NF1 can provide substantial help and benefits to patients. In a German study (Langenbruch et al. 2011) , patients receiving specialized treatment reported more benefits and were more satisfied with the healthcare. Nevertheless, concerning many psychosocial aspects affecting everyday life experiences, specialists were not rated as more beneficial than non-specialists. The authors concluded that, in view of the significant psychosocial impact of the NF1 on the patients, the implementation of psychologists and social workers as part of a multidisciplinary network is essential. They suggested the implementation of online counseling to improve the healthcare situation for patients with NF1 where there is no specialist centres.
It is vital to invest in research and training for health professionals (specialists and non-specialists) so that the negative impact on the QoL of NF1 patients can be partly minimized. Professional training is particularly important in Brazil presently, because in January, 2014 the Brazilian Ministry of Health established the National Policy on Comprehensive Care for People with Rare Diseases in the Unified Health System (Sistema Único de Saúde, SUS, the public and universal Brazilian health system). This Policy establishes that healthcare should be integrated into a regional-based context, designed both by primary and specialized healthcare services. We believe that primary-care professionals still have insufficient competencies in Genetics to support this National Policy, but this could be an opportunity to implement an educational program in Genetics and reduce disparity and inequality in the population's healthcare (Melo et al. 2015) .
Lack of Knowledge About NF1 Leading to Prejudice
Lack of information about NF1 for healthcare professionals, patients and the general population was a relevant topic in our study. Other recurring topics were people's curiosity and the association between NF1 and contagious diseases, which were related to prejudice and stigmatization. Although this topic was raised by the interviewer, which could have influenced its emergence, similar results were found by other researchers (Cerello et al. 2013; Samuelsson and Riccardi 1989) .
In our study, NF1 did not affect formation of a social support network and close relationships, as might be expected. A similar finding was reported in a German study, in which no relationship was found between disease visibility and social aspects, such as a patient having children of their own or being in a relationship .
Nonetheless, some participants in our study were unsuccessful in their professional career because of their illness, either because of esthetic appearance or as a result of medical complications, leading to pain and decreased vitality. It is possible there are other reasons for some individuals with NF1 having difficulties at work, such as learning disabilities and behavioral disorders. For instance, attention-deficit disorder with or without hyperactivity is a problem in many children with NF1 (Lidzba et al. 2012) , and it can significantly undermine academic achievement (Pride et al. 2012) . Additionally, we believe that attention-deficit disorder, learning disabilities and low education level are concerns for adults with NF1, as they lead to difficulties in obtaining and retaining work. This hypothesis could be investigated in future studies.
Misinformation hinders the development of more effective ways of coping with the disease and treatment adherence. Difficulties in obtaining information about NF1, as well as the lack of information about social support networks for people with the disease and their relatives contribute to creating a veil of social invisibility around NF1. Thus, difficulty in finding acceptable social spaces restricts social opportunities for this population, resulting in a need to develop disease coping strategies based almost exclusively on personal resources (Cerello et al. 2013) .
In this regard, a coping mechanism which appeared in our survey was spirituality or formal religion. Some patients expressed trust in a divine power, which they believed could even cure NF1. In addition, patients manifested a sense of predestination related to the disease. Religious involvement was related to happiness, optimism, hope, gratitude, forgiveness and altruism, which were linked to positive health outcomes (Rafferty et al. 2015) . Some studies reported a link among spiritual well-being and psychological well-being and physical symptoms (Fombuena et al. 2015; Ironson and Kremer 2009; Jim et al. 2015) . It is noteworthy that all of the patients in our study professed some religion, and also, in general, their education level was poor (less than 10 % had a university degree or a higher qualification). These may be distinctive characteristics of our study. Previous studies have shown a relationship between a strong subjective religious dimension and low educational level (Tedrus et al. 2013) , and it is known that cultural aspects, educational level and socioeconomic level can influence the ways in which individuals live out their spirituality (Levin and Chatters 1998) . However, we do not yet have an adequate understanding about the influence of spirituality in the QoL of NF1 patients.
Informational campaigns about NF1 are necessary to increase awareness about the disease among the general and patient populations. Other rare diseases, such as cystic fibrosis, for example, have the same prevalence of NF1 but are discussed more often in public health campaigns. Information provision is seen as an intervention that can improve patients' QoL, reduce prejudice and help to minimize psychosocial damage related to the disease.
Strengths, Limitations and Research Recommendations
As mentioned previously, to the best of our knowledge, this is the first study investigating the QoL in patients with NF1 in Brazil. This research reflects the influence of socio-economic and cultural aspects combined, and, in patients living in different contexts, and suggests a variety of dimensions represented by the construct of QoL can be affected by the disease. Another limitation is that the present sample was restricted to individuals without major cognitive deficits or learning disabilities, thus resulting in exclusion from the study part of the population that has the greatest difficulties in life. Additional studies sampling more broadly from the population would further knowledge about the impact of NF1 on QoL.
Regarding the results from the WHOQOL-100 questionnaire, the small sample size should be taken into account, which may have limited observing potentially significant differences. The unequal sample sizes for patient and control groups might also have resulted in a lack of significant differences.
Finally, with regards to the clinical-qualitative research phase, use of interviews for data collection may yield socially desirable responses. Moreover, qualitative data are not intended to be generalized to the population of interest. Therefore, quantitative studies with larger samples would help to validate the present results.
Final Considerations
The findings of this study demonstrate the importance of identifying the group of NF1 patients at higher risk of developing psychological disorders, because these disorders may impair the QoL. Regarding this issue, disease visibility could be a significant risk predictor. Relatedly, it is important to consider patients' desire versus need for neurofibromas resection, and to promote psychosocial interventions that encourage individuals to better adapt to their condition.
Genetic counseling should contribute to understanding the recurrent risk and clinical evolution of NF1, because these are common concerns of the patients. Patients should also know about the susceptibility to malignancies and about appropriate longitudinal care plans.
In Brazil, generally non-specialized physicians lack familiarity with NF1, as well as the measures taken beforehand in specific clinical care, which have been proven to improve the quality and life expectancy of patients. Professional education programs in the field of rare diseases should include guidance on the specific healthcare needs for individuals with NF1, even in Primary Healthcare.
Publicity campaigns about NF1 can be created by government health agencies. Greater public awareness about NF1 should help eliminate prejudice and improve patients' QoL.
